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FOREWORD

This document is an informal report submitted to Langléj
Research Center, the. NASA, in compliance with request to
provide léunch vehiclé data on the Titen family of boosters.
The data is purposely prepargd for use in defining campatible
manned lifting body entry vehicles to be studied for space '

a - use potential.
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I.  INTRODUCTION

The Titan I1I family of launch vehiclcé offerg a ﬁidé range of payloéd
weight capability to the near earth orbits for mirnimum cost. This repert
sumﬁarizééhth; pérfofﬁadcé and certain systéﬁ design features for those
configurati ons which the Martin Company believas would be of greatesf
: benefit to the 1ifting bndy regsearch and development study'being conducted
" under the direction of NAEA's Iangley Research Center.

In preparing this documenf; Qe have not limiied our analysis té the
Titen I1I hardware as it now exists for the R & D flight test program.
Rather, we have used configurations that are belng assembled from Titan
III building blocks and which will be available for the time period
contemplated for the lifting body program. These configurations have all
of ﬁhe capabiiities and reliabilities necessary te carry out the flight
test program.

The standard interface has been made as simple as possiblé to minimize
payload integration cost. Fundamentallx, the interface concept is based on
meximum isolation of booster and spacecraft functions. Primarily, the
interface reduces to one of mechanical mating, however, each specific

payload may also have other unique interface requirements.
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11, CONFIGURATIONS

Data for eight configurations of launch vehicles evaluated within the
TitanVIII family are presented in this report. Their body profile, general
arrangement, and principal dimensions are shown in Figure 1.

The eight configurations are identified with either of two groups =--

- those that are with transtage, Group I (thus providing restart capability

for the Hohmann transfer), and those that are withcut transtage, Group II.

The vehicles without transtage are limited to establishing orbit by direct

'injection. The Group II vehicles are externally identical to their counter-

~part in Group I in all other respects except the interface is lowered by

approximately 12 feet to_compensate for the omission of the transtage. TItems
of guldance, control, and telemetry equipﬁent'that are locéted in transtage
for the Group I-veﬁicle missions, are located in the forward compéftment

of the sééond $tége'Just below the'paylbad interface.

The configurations within each group ere different as to their use of

and the number of solid segments comprising each solid strap-on motor (SRM). /
The minimum configuration of each group consists of a basic Titan III R & D P v
A N
i v A
core vehicle, without solids and with or without transtage. The R & D core ?,;

has been flown numerous times in the course of the Titan III-R & D program.
The remoining configurations within each group vary as to the use of a
pair of 2, 5, or 7 segment SiM's strapped to an uprated core vehicle.

The uprating of the core vehicle consists of an increase in the Stage I
main engine expansion ratio and an incréase 1nVStep I tuankage volume and

propellant lced. These performance improvements are currently under development.

The transtage vehicle is standard for all Group I vehicles.
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SUPPLEMENTAL DATA

Consideration is being given to a Titan III version that uses three-
segment solid rocket motors. _This supplement includes this data by
réplacing page 12, end by edding pages 12A and B (performance) and ?age 154
(weighﬁs and thrust). |

The second paragraph of page 4 indicates that minimum performance is
approximately 8% less than ncominal. This ratio varies considerably
depending on the launch vehicle and orbit. In all cases, the difference

is based on a margin of 23% V* (ideal velocity).




L e

N e e el P el G WG| WU T -

T3V 0001~ LWONENN aNOTRYg

S JEPUR U .

TN WL S

_PAGE 12

T AT

s

Q8T A

TR OLAR 'S

ORI
s_ 0201 = WLOWIZN T

,?.:.m ,zoau.ﬁuzo,ﬁ_,

.-

»lvl

e VLAY on' waou__a ,4,25
=i ».,_.A;:owé,&z, VLM ,S ™ O-3NYLS o W3
At “ L NOVIACNT HIAG!

.waah, Ly ..Em&o.,..mmr.ﬂ a&.o., me _
Rk R IEEY

(I P Trediy Mmiﬂnf

e
[xedy
=

Lo} TRy

KENKLES ¥ E£22EM CO”
PALYE 0t A S el s wlhETAt UL LI LI -1



PAGE

12 A

3-2R-Ge

Y.

) 3L-6SE

T X 1 T
i m T T
T T ) 1 o
._ it H =
1] A} ‘l_lli Y il;—» T
“wx SREE. H H - B R B o B o S S
L 110} il 1 ) 1]
?mn ST I IR 1] 1T
14 i (1114
: xm\. | _ 1144
L B x|
fifl 1%
L . .W% - ,,.An
N :
AT d RRANNA RS it - !
" 4\ | ‘ tai L_ i ; A_L
_ . £ i AR ! _f_r “ i
«.n_f IR g
ipn 8! 1 LT IEEERNN .
5N sy Ty N
OAENIOE \r S AT .
T A i 1 N | s
JL. - AAN\Q M\ 44 4~ -
HH W o i L :
4.9 i ] ¥
i | _ o |
) Vil 1 H
A_rmw..vﬁhi il I xm L :
ol 7k AN
REas 1 . Ml
LI Az
i [l | ] i ]
! i L
i :
11 e
[ 1
L 1 A EARERRASS { :
T
T T I e
x : ] S ﬁ- ! ‘_ 7_ 4P et i
| il it SRSRNTEE
: 1 ;»
! i T “
mn i ] 1
il i SN 11
H4 H_ + _ 171 :
i i | il I {11 HHEH
A\V \..a I ,ﬂu ALA.h v ~u., 41 .A..a. p xi\”. Hi 1 __ ,, }
Mr\. i 7&;%? 7 4 ww_ 2 1 ,
JERBERY; daHli \ |
¥ e T4l 3
A ; lvr __ __ .L 5 4 , .APL
RENESEINN S BAR PVRETG T ‘4 \[] B LN DGDEID EEERSREERRRN
. ’ o o o © - o -
g J d0 N O W - e . . )
- 7 N e : INOISIAIQ 0L X ..UJU?U ® -
R . . N ¥ 'sS A NI 3ovM ‘O WASSI ¥ YRidNIAN M \.’ - *
ﬁ ) . \ , d SINHLINVOOoT WS XM / ( J



D TR

w W T SRR TN

w
v
1
~
G

<

T T .ﬁ -
T T T :
G i BT Sum
A A }4- ] SR EEY
i s | 1] HINInN Ay ]
w H. ! jiil 4 : z 1H =
(€H] ! ) U 11 | L)
T | :
b LA sl . _f e |
: 1243 - i\l N n
ol ) ki
; 1 4.4 J_ A RREp 1] x@ 1 1
e 0 ,
Ny [osy) I
_»D\ ) 4
i 1 i
TG t , i T |
e e ARSI SRR !
Ay i _ HHH W
Tl G |
AT . a %1 i
EHERSE ! : R
Al st |
T, IR ERER RN E ! . it e
3 1 | A4 Tl i 1l ;
Y il i hh W
3 | - y Iy 1] 21
2 H * : R I e AT
& m\m B
» i} ] TG JLIRRARNARAD
3 - I e ! ;
B s W ]
.,H v 4 It i
3 g
5 i
L ; 1]
o ., | k___ i
i : __ |
, i | : ]
ﬂ . it _m I o
T | i t ) Idond
L J, i i i L N ot
i _ | Tiii 1 . -+ i
A“ _ 1 l i ; ~ Jn. A
A ; i YA ! | A il ” 4
il ab] R NN n i
] i 1 sl
m f THTIH I AR O
i 1 e
L ] Wil w T
H | i
’ . oW N W W . o
m m Olagdn ¥ B o o .
on © N~ v ] .
1‘4 o&)go’ ~ kjﬁa w —, 04 87‘@ SNOISIAIO 0L X SEIDAD € -~

)

"YEA M JOVE

1L-65€

‘0D WISST ¥ 134401
JINHLINYDOT-INIS

oM




Page 15A

TIA

SqT 0T X 92°T = JJO-TFel I8N 38nriy 89835 0 - quemBog=£

(unpueppy) III TTIAVL

_ 14, 9L LoL€ge 0LE‘TLO‘T ::phww £20°LoE £09°.g9 1Y3TeM PSPBOT
. 966L. GEL K6 Geg‘eos 966°L T66°LT geL6TT | 3uBteM anouang
1 69£°L #0042 -— 69€‘L GE99T - 1y3teM Liq

|
BysUBL], 3INOUJTM JUSWBOG~-E
gEn© HLTC0T ' | LT OTH c0g“L60°T gEn‘lz | 9EL‘SL | £20°Log €09°1g9 | 3uUBTOM PIPROT
€L2y 93¢ “HE G9T 12T | 646°62 AL gh6‘9 T66°LT gSL 6TT | 2uBTeM nouang
onT ‘Y LoG“0T entéle -— onT ‘Y T9€‘9 ¢e9491 -- 1udtepn Lig
III 23S 11 331§ I 2318 0 ¥38 =‘HHH delg | II daig 1 d83g PICEETS uo73d1I083Q

4

(wnpusppy) II T1AVL

98BISURI], UITM JUSWIBG=¢

EDILOS + 9100 Pa3ed-afl

g the national defense of the United States,

ument contains information cffyctin

This

NOTICE

USC., Section 793 and 794, the transmission

\}‘1

Title

ning of the Espionage Laws,

within the

person is prohibited by law.

or revelotion of which in any manner to an unauthori



SUTJEZCTS

N, <
e TOTIT TN ﬁ'\'{w—‘

2

ot \{l[ FOSM NG o

NITED STATLES GOVERNMENT

I inorandum

,-4 RN
oy

Langley Research Center

Distribution List DATE:May 4, 198566

MORL Studies Office

Transmittal om Martin document No. M-66-8 , 'Titan (1]
Boosters for Langley's ilanned Lifting Body Entry Progrem (U)'' of

April 28, 1566

1. The Titan (! booster that uses three-segment solid motors is currently
under development evaluation by the Air Force., Therefore, the attached
subject document, which gives performance and weights for this booster,

is forwarded for your information and retention. Page 12 of the attached
dccument replaces page 12 of M-66-8 of February 1966 (forwarded to you

on March 16, 1968); also, pages 12A, 12B, and 15A should be added to
M-66-8 of February 1S66. : '

- I/ . f! 7‘ ("” ok —-,U}_/

{

fe el

Kermlt A Edwards

Attachment
M-66-8

DECLASSIVIED Wiid EXCLOIURES Al LETAC _'r__)

By IS, Sarings Bonds Regularly on the Payroll S: mﬂn Plap



Distribution List:

E.

Zc_:...?albigﬂnm

- EZ OO0 rr<on

Love
Raincy
Ladsen
Dove
Hayes
Rainey
Swann
Mayo
Moul

186
Lg3
408
238
156
340
206
314
304



M-66-8 L

I1I. FERFOBMANCE

A, Fayload and Velocity Dasia

The orbity’ performance capsbilities fc. the Titen ITI family of

" launch vehicles are presented her2, Figures 2 through 6, consistent with
the configurations deplcted in the preceding chapter and the system weights

>giveh in the following section of this chapter. The datarprésented are
based on nominal propulsion paremeters and system weights cbaracteristic of
each vehicle configuration.

All performance values are guaranteed minimums to circular orbits, bdtﬁ
by diréét injection and the Hohmanﬁ ﬁrﬁnsférg All are baséd oﬁ a 106° launch
azimuth from ETR at an inclination of 32°. The minimum values reflect a
reduction of approximately 8% frcm nominal at 100 n.m.

Only direct injJect values are giver for the Group II vehicles, without
transtage, since they do not have restart capability;

Figufe 2 shows the payload capsbility as a function of orbital altitude
for the minimum configuration of-both Groups I and 1I (with and without
transtage). The minimum configurations do not use solids and employ the
use of the Titan IITI R & D core vehicle. No velqcity data is given for
these configurations.

Figures 3, 4, and 5 show payload weight as a function of orbital
altitude for the configurations using 2, 5, and 7 segment solids,
regpectively, with transtage (group I) and an uprated core. Direct inject
capability is given for all altitudes ranging between 80 and 400 n.m. Payloads
for Hohmann transfer ere given for 100, 200, 300, and 400 n.m. origins.

Figures 3A, 4A, and 5A show characterlstic velocitlies versus payload weight
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A. Payload and Velocity Data (Continued)

for the corresponding Group I conflgurations, for perigee at sltitudes of
80, 100, 200, 3C0, and 400 n.m. Transtage propellant loads have been
optimized throughout.

Figure 6 shows the payload weight capability versus orbital altitude
for the Group II configuratiohs, without transtage but with uprated core,
using 2, 5, or T segment solids flying direct inject missions.

B, Weights

Table I gives the weight summary for the configuratiohs with transtage.
These weights are based on a transtage system which is approximately 800
pounds lighter than the system wve are using for the R & D program. This
reduction is based on expected savings in the instrumentation and guidance
areas.

Table II gives the weights for the configurations that do not use the
transtage. To make this possible, approximately 1000 pounds of equipment
has been transferred to Step II. |

Table III gives the thrust values for the various stages at burnout

or at time of maximum acceleratlon.
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IV. SYSTEM DATA

The information in this chapter may be useful in identifying constraints

that may exist in interfaciﬁg‘the 1ifting body system with the Titan III.

A. Mechanical Interface snd Structural Strength
Figure 7 shows the interface drawing for joining the payload to the
Titan. The interface requires twenty-four 5/16" shear pins and eight

tension bolts. The interface is the same for all configurations except

" that the bolts are 1" ih dismeter when mating is made directly to Step II,

while they are only 7/8" in diameter vhen mating 1s with the transtage.
The structural strength at the payload interface 1s given in terms of

an "Ultimate Equivalent Axial Load".

Fequiv = Paxia1l * .Q_X%CEEEE
Péquiv = Total axial equivalent load (compression)
Pﬁxial = Direct axial load due to thrust

Moment = Dge to unsymmetrical winds, buffeting and gusts

R Radius of the airframe (60 inches)

Titan III (with Transtage; interface at Station 77.0 or Station 63.5)

P = B4 x 106 1bs. (uitimate)

equilv
Capability of One Longeron (total of 8 longerons and bolts)

Ultimate Compression is 105,000 lbs. (per longeron)
Ultimate Tension is 86,300 1lbs. (per bolt)

Titan III (without Transtage; interface at Station 220.0)

P = 1.08 x 106 1bs. (ultimate)

equiv
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Capability of One Longercn (total of 8 longerons and bolts)
Ultimate Compression is 135,000 lbs. (per longeron)

Ultimate Tension is 125,000 lbs. (per bolt)

B. Electrical Interfzce Data

The electrical intérface can be éomewhat fléxible since it is a
function of spacecraft power and signal requirements. At the present time,
the interface between the payload and Titan 1s through a 16 pin connector.
Interface between payload and the planned uprated Titan is made through a

60 pin connector.

C. _G& C System Capability end Limitations

1. .Basic Core Configuration - No control.Stability problem exists
that would constrain the payload yithin stricter limitations than those
inherent in the payload weight limit and 1lifting body vehicle size '
consistent with its weight. |

2, Core With Transtage - The flight control system for the core with

transtage has the following limitations imposed pertinent to the payload:

a. Payload weight will be greater than 500 lbs.

b. The payload (including support truss) will have inertia
characteristics about its owe c.g. equal to or greater than
pitch and yaw = 500 slug-ft2; roll = 100 slug-ftZ.

¢. The lateral c.g. position during transtAge operation will
not exceed a conical envelope emanating from the equivalent

engine gimbal point of three degrees half angle (Figure 8). A
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reduced c.g. envelope may be required to control same of the
large heavy vehicles.

3. _Core With Strapped-On Solids = Op3ration of the maximum vehicle

configuratipn is feasible with lifting body payloads within the constrailnts
of Figure 9. The limiting envelope beyond which bears the labél "Autopilot
Constraints" is cohse:vative since same control system improvements have
been made and the curve was generated for the Titan III-C. Peyloads outside
the'éonstraint envelope may also be cqmﬁatible but will reQuiré additional
investigatiqﬁ to'supbort any commitments.

Long, 1arge and heavy payloads may accentuate a hydraulic actuator;
stfucfural beéding mode coupling problem for Stage I or Stage II. Solution
ofrthis problem may be fossible by actuator imyrovément or change of
structural stiffness. If the core with strapped-on'solids has & transtage,
the cohstraints for the ﬁranstage as stated in Section B will still apply.

L, Proper‘érientation of the glider bodj is very importanﬁ. The '
resulting aerodynamic loads ap? control requirements are very dependent oﬁ
selection of glider incidenceJ;ﬁgle.

5. Payload elasticity has an appreciable effect on the payléad
campatibility envelope. With the possible thinness of a hypersonic re-entry
body, cognizance of the pitching inertia properties and air frame stiffness
for pitching is eﬁphasized, to contain loads and control requireﬁents
within the capébility limits. Caution ic also mentioned in minimizing

the trailef length when considering the large, in volume, and heavy lifting

body payloads.



o e oo B AT AT N . iE ek LD s

 EC e ; P

21

QLVéhicle

7.
%

Rey
i
—
"t
;g
3 | NN\
. kS 3 deg. 3 deg.
©
: 3
O N
3
pACH y
)
Gimbal
- Transtage Station 205.7)4_
A ,
Transtage Laterasl Center of Gravity Envelope
- ' " FIGURE 8



22

. 6 TNOII
sup-dBIlg YATH - 5VEOTAT Apeqg FuriFTI o1qraedmoy Jo sdoToauy

(") wedg Lpog BuraITI

(7 6T gt A 91 ¢t 7T €T 2t
AN // ~ I~ I~ |
7 N N ™~ N
7 AN , -
A NG J//// ///I! Il//illl, /I[l: - =
. ['4 /o N / ™~ ﬁwo.ﬁ .Um
qQT 000962 S qat 08..m7/ N ./ i N~ “qT 000
7 — / T
: y *qQT 000°62 yﬂﬁ at 000¢ST , &;\ﬂf}/
o | 1 VH29 ~ 5
PUTM Y729 9€°0
M 7y NSO N e vu*
_ JI\% /J_ *qQT 000°%e T
. : 7 \ [
Ndlwv;\\\\\\\ \/
squreIsuo) 30TTdojNy

. (°3F) uUadua1 Ia7TeIg

ot JaTTBL,

ds X §°T .
_.MM?S a/1 W | WIBUIT

e -~

——



-

M-66-5 ’ | 23

D, Design for Manned Missions

1. Design Philosophy - The aspacts of crew safety and its achievement

with paleudQ "haracteriotic of manned 1ifting body vehicles, were given

due consideration during the Titan IIT design and development effort. Since
crevw safety is highly dependent upon mission sucoess, e high degree of

flight reliability has been the design goal throughout the system development
program. Provision of crew safety at all times poses & different set of
requirements with each unique payload. As a result, differences in types

of equipment installed an@_redundancies provided will prevaeil. Once a V
payload is defined, the cémplete system can be integrated and its crew
safety and mission success-potential Ean be ascertained. Inherent capability

of each is employed in providirg the best integrated system.
¥ : :

2. Design Features é;The launch vehicle systen design features, both.
inherent and built-in, pertinent to crew safety and mission success are as

r
— . £

follows: N

« Thrust termination capabllity is provided. In the case of the
SRM's, thrust is reduced to a very low level by bursting two
large frangible disks and venting chamber pressure forward.

+» The SRM's provideian inherently mild environment; By the nature
of solid propellants, a catastrophic explosion of the propellants
and an envelopment of the entire system by a fireball 1s precluded
since combustion ?ill be greatly retarded in the event of a loss
of pressure on stiuctural break-up.

« A safety factor o?;l‘hfuaeieuplieert0wworking loads derived fram
conditions of environment encountered in flight such as aerodynamic

and dynamic loads. A safety factor of 1 25 was applied to the vell-

- F A 1% n‘fﬂ—: S e'.x_:_—?*:-;-;,f-*;- o A s e

Ay
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defined load forces such as those due to engine thrust. Thes.

ultimate loads are combined for design loads for body airfraﬂé"
Desired flight reliabili*y is achieved'by providing redunda;ch
in critical control systems such as giidance, rate gyro, athVi )

hydraulic system, actuators, and béi@;(éistribution.

Provision of real time diéplajé of critical perameters to the

flight crew and ground control (vie telemetry) for use in ad. e

decisions. : . ' ;;f;

Provision of a malfunction detection system (MDS) capable;pfi

.. Monitoring vehicle paramepe?;!?ﬁ

t would indicate‘p¢§§5f§
catastrophic vehicle malfuné&é@@i; B

.o “Initiating redundant systen switchover or abort Si5§§43-
.- Displaying currently controlling system (for redundant

system).

s+ Requiring a primary and indepéndent confirming indiéé%ién i
prior to initieting abort or switchover. - IS

Ro single MDS malfunctién vill result in a falsge Sbort, los; qf B |

abort sensing capability, lossrof crew display or cémmand, or. i

inadvertent switchover or failure to switch. ' R ;f; L

Reduction to a minimum of failures with short warningréfgéér;

[N

Provision of an abort,éystem ty enable manned payload escapc

event of a detectable pQ?entialnygétastrophic malfunction wr

cannot be corrected.
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o =1In the event smergency escape is not feasibhle during a critical

flight perlod such as mayimum dynamic pressure, ccmpensating
racorviancies to ensure mission success will be provided.

. It is a goal in the design snd development phasés fo produce
;Ti‘tan IIT launch vehicles for mrnned missions with a flight

reliability of 0.97.



